For thin film fabrication and surface modification, ion sources with high current, low energy, and broad beam are required. The source should be simple and reliable to operate, mechanically rugged, and highly productive for commercial use. To meet these requirements, a Hall effect plasma accelerator has been manufactured and tested. A beam energy of 200-300 eV and a beam current density of up to 10 mA/cm2 have been obtained with the source. Operational characteristics and possibility for industrial application are presented.
I. INTRODUCTION
The Hall effect plasma accelerator is a device which can produce a low energy, high current density ion beam. In an early stage of development, it was devised as a space thruster in the USA and Russia. But the research ceased in the late 70's because of its low efficiency. ' Recently the,development of surface modification technology requires ion sources with broad beams.2 The Hall effect plasma accelerator is one of the most promising low energy, steady state sources with broad beams. With this device, ion beams with an energy of several hundred eV and current density of about 10 mA/cm" can be produced, which cannot be obtained with gridded ion sources. In addition, the device is simple and rugged. Therefore it has sufficient possibility to be used for industrial application of surface modification and thin film fabrication.
In this work, the operational characteristics and the possibility of application to improve the tribological properties of materials are described. Figure 1 is the schematic of a Hall effect plasma accelerator. A nearly radial magnetic field is applied in an annular dielectric channel. The field satisfies the condition R,L<Lc<RiL,
II. BASIC CHARACTEFMSTICS
where ReL: electron Larmour radius, Lo: channel length, RiL: ion Larmour radius. An external potential difference is applied between the anode and the filament cathode. Gas is fed from outside through the anode. The discharge takes place in this crossed EX B field. When condition ( 1) is satisfied, electrons execute EX B drift along azimuthal direction, diffusing to the anode. The neutrals from the anode are ionized in this electron cloud. Then ions are accelerated across the potential difference.
The ion acceleration occurs without disturbing the quasineutrality since the ion space charge is compensated by the magnetized electrons. Thus high current density ion beams,with low energy can be obtained.
Just as the magnetic field is important in generating and confining plasma in gas-type gridded ion sources, so *IKorea Atomic Energy Research Institute, Daejeon 305-303, Korea. the magnetic field in this device plays an important role. Morozov et al. 3 have shown that the magnetic field lines in the channel can be described as equipotential lines, provided the electron temperature is sufficiently low. In this regard, not only the field strength but also the shape of the field line is important in acceleration and focusing of ion beams. Figure 2 is the shape of magnetic field lines in the channel calculated by the POISSON code.4
Ill. CURRENT-VOLTAGE CHARACTERISTICS
The device is mounted in a vacuum chamber with an oil diffusion pump. The base pressure was 7 X lOA mbar and working pressure was 1 X 10e3 mbar. The working gas is N,, which is one of the widely used species for the nonsemiconductor ion implantation process to improve the tribological properties of metallic products.
Factors affecting the current-voltage characteristics are channel geometry, dielectric wall material, magnetic field configuration, gas species, and gas feed rate.
The measured current-voltage curves are shown in Fig.  3 . Under fixed conditions, discharge current increases as (1) anode gas feedthrough, (2) filament cathode, (3) discharge power supply, (4) filament power supply, (5) anode gas distributor, (6) solenoid coil, (7) magnetic path, (8) quartz dielectric wall, (9) sample substrate. discharge voltage is increased. A further increase of discharge voltage will cause saturation of discharge current until all the neutrals are ionized. Figure 4 shows the discharge current versus magnetic field strength relation. Discharge was initiated without magnetic field and then the magnetic field strength was increased. The discharge current slowly decreased and nearly saturated. Increasing magnetic field strength increases the Hall current and decreases the axial electron conductivity. The increased Hall current increases the ion- ization of neutrals. But the reduction in electron current is larger than the increased ion current so that the total discharge current is decreased.
IV. APPLICATION
For an example of the industrial application of the device, tool steel (SKD-11) samples have been exposed to nitrogen ion beams from this device. The exposure conditions are as follows:
( 1) implanted and exposed, (2) exposed and ion implanted, (3) implanted, (4) exposed.
sampls (2) sample (3) sample (4) FIG. 5. Relative nitrogen concentrations at a fixed depth from the sample surface.
(1) implanted and exposed, (2) exposed and implanted, (3) implanted, (4) exposed. Implanted energy: 100 keV, dose: 1 X lO"/cm*, exposed energy: 280 eV, dose: 1~ 1019/cm2. Samples (1) and (2) have the same doses but the nitrogen concentrations are different.
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The concentration of nitrogen in the samples has been analyzed by the nuclear reaction analysis (NRA) method using 11 MeV, a particles from the 14N(d,a) r2C reaction. The measured nitrogen concentrations at fixed depth from the surface of the samples are shown in Fig. 5 . Sample ( 1) shows the highest concentrations, which means that ion implantation combined with a plasma accelerator can further improve the tribological properties of metallic products.
v. CONCLUSlON
A Hall effect plasma accelerator, a promising candidate for the broad beam ion source, has been manufactured and tested. An experiment shows that about a 300 eV, 1 A nitrogen ion beam has been obtained. Exposure of tool steel samples to this ion beam combined with ion implantation increases the nitrogen content at a fixed depth from the surface of the sample. This shows the evidence that a Hall effect plasma accelerator can be used as a powerful device to improve the nitrogen ion implantation method.
